Methods for the quantification of DNA double-strand breaks determined from the distribution of DNA fragment sizes measured by pulsed-field gel electrophoresis.
Different methods were used for evaluating data for DNA double-strand breaks (DSBs), as obtained by pulsed-field gel electrophoresis (PFGE) after X irradiation of Chinese hamster ovary cells. A total of 60 data points in the dose range of 0 to 116 Gy, along with repair data for 30 and 60 Gy, were analyzed by four methods: (1) percentage of DNA released from the plug, (2) specific size markers (percentage of DNA less than specific sizes, (3) fragment size distributions and (4) shape of the molecular weight (M) distributions. With the last method, both the slope and the intercept of the logarithm of the amount of radioactive DNA/delta M/M plotted as a function of M were used for calculating DSBs/100 Mbp. The slope and the intercept analyses differ in that the former is relatively independent of DNA trapped in the agarose plugs, i.e. cannot be released by doses of 100-150 Gy, whereas the intercept is dependent on the percentage of DNA trapped. Also, calculations of DSBs/100 Mbp for methods 1, 2 and 3 depend on the amount of DNA trapped in the plug. However, the slope method is unreliable for doses below about 20 Gy, and the scatter of data points is much greater than that obtained by the intercept method and by methods 1, 2 and 3. Therefore, the fragment size distribution and the specific size marker methods give the most consistent results, with 0.49 +/- 0.03 (95% CI) (DSBs/100 Mbp)/Gy. With the specific size marker method, however, care must be taken in selection of size markers in relation to the levels of DSBs of interest. Assuming randomly distributed DSBs, all four methods gave essentially the same results; i.e., the dose response was linear with a calculated level of 0.5-0.6 (DSBs/100 Mbp)/Gy, which is the same as 0.47-0.62 determined previously by calibrating with 125IdU.